It has been stated that many more bacteria are present in the sea, the soil, and other natural habitats than are capable of growing on laboratory media [see MacLeod (13) for a review]. Waksman et al. (20) observed that only about 0.1 % of the bacteria in seawater or marine mud observed by direct microscopic examination are able to grow on plating media. Kriss (10) reported that standard media permitted the detection of not more than 0.1 to 1% of the total number of organisms which can be observed microscopically in seawater or mud samples. Similarly, it has been concluded that only a small percentage of the bacteria observed by microscopy in soil and freshwater ever grow on laboratory media [see Gibson (4) for a review].
The conclusion that viable counts detect only a part of the natural population is based largely on comparisons with direct microscopic counts. The latter, as ordinarily applied, do not distinguish between living and dead cells. Efforts to make such a distinction by the application of vital staining techniques [see Strugger (19) ] have been found, at least in certain circumstances, not to be successful (9) . For this reason, alternative methods of measuring viable cells should be explored to determine whether better measures of the number of cells in natural habitats can be obtained.
Methods for the detection of viable cells by use of radioactive isotopes have been reported. Levin (12) devised a method which depends on the capacity of cells to metabolize a radioactive substrate, giving rise to a product which separates as a radioactive gas. This procedure suffers from the disadvantage that no single substrate is universally metabolizable, and hence the procedure could not be adapted for use in obtaining total counts of mixed populations of bacteria. The extent of C1402 assimilation by photosynthetic microorganisms has been used as a measure of primary productivity in the sea (15) . Such a method has obvious limitations for use with nonphotosynthetic bacteria.
Many substances can be concentrated inside living cells by means of energy-dependent transport processes to levels which in some cases are many times higher than those prevailing in the suspending medium (8) . If the substances are radioactive, then the cells accumulate radioactivity. The cells can be separated from the suspending medium by use of a membrane filter, and their radioactivity can be detected by standard methods (1, 5) . It seemed worthwhile to explore the possibility of using the ability of cells to concentrate isotopes to develop a sensitive method of detecting viable cells. If the method is to be used to obtain a total count, a substrate required by all types of bacterial cells would be needed. For this reason, we have examined the possibility of using P32, added in the form of inorganic phosphate, as a labeling agent.
As a preliminary to more extensive investigations, it was considered necessary to determine the feasibility of using P32 labeling to detect viable bacterial cells. For this purpose, a pure culture of Aerobacter aerogenes has been used, and some of the factors affecting the accumulation of the radioactive isotope by the cells have been examined. It has been found that cells of this organism can be rapidly labeled with P" and readily detected in very low concentration.
MATERIALS AND MErHODS
Organism. The (14) . Solomon (17) suggested that K+ is linked with phosphate metabolism in Escherichia coli. Mg++ has been shown to be important for the maintenance of respiratory activity in Azotobacter (7). The effect of K+, Mg+-+, and glucose, alone and in combination, on the uptake of p32 by cells of A. aerogenes was, therefore, examined. It is evident from Table 2 that cells suspended in distilled water became labeled with P3 and could be detected. KCI tested alone stimulated P3 incorporation; glucose alone was essentially without effect, and MgSO4 was inhibitory. The most effective incubation mixture tested, however, was one in which KCI, glucose, and MgSO4 were present together. Tris buffer (pH 7.2), tested at a level of 0.05 M, as well as cysteine at 10-i M, were both found to be inhibitory. Tris buffer has been shown to uncouple electron transport from phosphorylation (6) .
The optinal levels of KCI, MgS04, and glucose in the incubation medium were determined by omitting one of the components and testing its effect at different concentrations in the presence of the other two. Figure 1 shows the effect of KCI concentration on P32 uptake by A. aerogenes. A sharp maximum was observed at 0.005 M KCl. With this level of K+ in the medium and 10 mg/ml of glucose, MgSO4 was found to be most effective at 0.002 M (Fig. 2) . The optimal concentration of glucose was found to be 10 mg/ml (Fig. 3) .
Time required for labeling cells. With the optimal levels of incubation medium components as determined above, the time required for maximal uptake of P32 was found to be 60 min (Fig. 4) . This experiment was conducted with approximately 500 cells per milliliter. We also have evidence to indicate that, when the number of cells is increased to 6,500 per milliliter, the time for maximal labeling is increased to 90 min. Since most of our tests were conducted with 500 cells per milliliter, or less, the incubation period selected for further study was 1 hr.
Effect of temperature. Preliminary experiments had established that the most rapid labeling occurred when the incubation temperature was 37 C. Since many bacterial species cannot survive at 37 C, it was of interest to know whether appreciable labeling of the cells could occur at lower temperatures. The results in Table 3 labeled at 20 C as at 37 C, but that, at the lower temperature, 100 rather than 60 min was required for the process.
Effect of Pn level. Various levels of P32 were tested in the incubation medium. The optimal uptake of P3 by the cells (Fig. 5 ) occurred with 1 Ac/ml of incubation medium. Both above and below this level, the counts per mm per cell were lower.
Effect of washing solution. Since the composition of the washing solution is known to affect the extent of retention of intracellular solutes in the case of marine bacteria (3), the effect of washing on the retention of PI was examined. With marine bacteria, conditions optimal for the uptake of substrates were also optimal for the prevention of their release. Such was not the case with A. aerogenes, however (Table 4) . Washing cells of this organism with increasing volumes of incubation medium caused progressively increasing losses of P12. Washing with distilled water, however, did not remove the isotope. It is of interest to note that at least part of the decrease in radioactivity caused by washing with incubation medium is due to removal of P32 bound to the ifiter.
Limits of detectability of cells by means of P3 labeling. The range of cell numbers detectable by the p32 labeling technique was determined by observing the increase in p32 activity on the filters as the number of cells in suspension in the incubation medium was increased. The results (Fig. 6) show that the P32 count increased sharply as the number of cells increased from 0 to about 7,000 cells per milliliter, and then dropped off. The lowest concentration of cells tested was 23 cells per milliliter, and the results in Table 5 show that this number of cells could be detected with 95% confidence.
Effect of unlabeled phosphorus. The results in Fig. 6 show that, though the P3 activity increased as the number of cells on the filter increased, the counts per cell decreased approximately logarithmically. Since there was a limit to the amount of p32 which could be added to the incubation medium (Fig. 5) , the effect of adding unlabeled P was determined. It was calculated that the amount of phosphorus added as P32 was 3.49 x 10-8 g/ml. Unlabeled P as (NH4) 2HP04 was 'Unlabeled P added as (NH4)2HPOt. (Table 6) show that even 10 times the level markedly depressed the uptake of P32, even though the amount of unlabeled P this represented was still very small.
Relation of cell viability to p32 uptake. To determine whether the uptake of P3 by the cells required that the cells be viable, the effect of heat, formaldehyde, and 2,4-dinitrophenol (DNP) on the capacity of the cells to take up p32 was examined (Table 7) . It is evident that the greatest amount of p32 uptake occurred with untreated cells, and the least was obtained in the presence of DNP. In both of these cases, the cells could be shown still to be viable on subsequent plating of the suspensions. Though no viable cells remained after heating or formaldehyde treatment, some uptake of P32 over the corresponding blank was obtained. It is also of interest to note that the radioactivity was less on filters through which the DNP-treated cell suspensions were filtered than in filters through which the incubation medium containing no added cells was filtered.
DIscussIoN
There have been many studies conducted on the labeling of bacteria with pI during growth (11, 16. 18) . Only a limited amount of information is available concerning the uptake of P3 by resting cells (14) .
Spores which have been labeled with P3 during growth have subsequently been used as bacterial markers in various types of experiments (see 2). So far as we are aware, however, no previous attempt has been made to use P3 labeling as a technique to detect previously unlabeled cells. It is evident from the present study that, if carried out under appropriate conditions, the method described here is both rapid and sensitive, and could have wide application. It is also evident that certain factors can stimulate or interfere with PI uptake. If the method is to be used for a total count on natural materials, appropriate internal standards will have to be employed. This aspect of the study is now being pursued.
